lateral and vertical fusion, but not for cyclotorsional fusion."
Harker also used a variation in that he always had a central dot about
which he rotated the stimuli. This was one of the considerations that
we wanted to include in our alternative stimuli.

The cyclophoria test patterns used in this investigation are included
in figure 7. They were four in number with two alternatives, without
and with a center dot. The number one pattern, which was titled "two
dots with triple circle" was planned to test whether the cyclophoria
estimates would be of equal magnitude when the two movable stimuli were
very close to the fovea. The number two design was a plain bar with a
circle. We had noticed in some of our observations that the segments
beyond the outside edge of the circle did not always appear to contri-
bute to precise judgments, thus this alternative. The third design was
the circle bar with a short segment, the short segment being a 26 minute
extension of the vertical bar beyond the perimeter of the outside edge
of the circle. The fourth design was a circle bar with a long segment.
The segment was about one degree. The outside dimensions ranged from
8.8 degrees to 10.8 degrees (see figure 7). Therefore, all designs
fell within the anatomical area of the parafovea. The center dot in
this alternative was about .29 degrees (about 17 arc minutes) as was
the width of the clear segments in these drawings.

Each of these was a clear figure in a dark field, printed on glass
plates 3-3/4 by 4 inches in size, having very high contrast, the back-
ground varying from the figure by a gamma of five. They were copied
down from a 12 times larger figure constructed on the coordinatograph.
Calibration measurements to one thousandth of a millimeter were com-
pleted on the Mann Comparator and the rotation corrections ranged from
zero to 2.82 arc minutes. These constant errors were reduced to zero by
subtracting or adding constants to the experimentally obtained data.

The work of George Gogel indicated that we should be concerned with the
adjacency principle. We therefore attempted to maintain similar separa-
tions between the movable stimuli and the circle's edge. In all but the
two dot test, the minimum of the adjacency was 8.86 arc minutes. For
the two dot test, the smallest adjacency was 4.22 arc minutes.
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PREPARATION OF THE RUNWAY PHOTOGRAPHIC STIMULUS MATERIALS

To test the pilot's perception of the horizontal forward plane, a series
of photographs were made of the General Electric Compuscene's computer-
generated image. Three of five available runways were chosen; 321 on the
MWH or Moses Lake data base,which is 13,500 feet long and 300 feet wide.
This represents a B-52 runway on flat topography with only two buildings
on the left side of the runway. The second choice was Boeing Field
International with its 200 foot wide, 10,000 foot long runway and the
approach to runway 13R. This represents a runway with frequent build-
ings on both sides and a good deal of ground detail. The third runway
was Yakima, 270, with a 150 foot width and 6,607 feet in length, viewed
on a green field with two buildings on the right.

The decision was to portray each of these runways with the same visual
angle representing the width at the threshold of the runway. To select
the visual angle, the size of a 200 foot wide runway as viewed from
3,000 feet from touchdown marker and 157 feet of altitude was computed.
This is equivalent to a three degree glide slope angle that originates
from the touchdown mark 1,000 feet beyond the threshold of the runway
and a visual angle of 5.6932 degrees. Each of the other runways then
were made to match this visual angle by selecting a slant range that
would depict a runway threshold width of 5.69 degrees. The wider runway
at Moses Lake was therefore depicted at a greater distance, but still on
the three degree glide slope. Yakima, at a shorter distance because of
its 150 foot wide runway, still maintained a three degree glide slope
from the 1,000 foot mark.

Colored transparencies of a minimum of 55.5mm in width and height were
required to provide a 15 degree field of view in the Troposcope. Dupli-
cate images for the right and left eyes were made. One of the image
generators of the Compuscene was used to display the image on the 25"
color cathode ray tube in the visual control center. A 4 x 5 Crown
Graphic camera loaded with high speed 2-1/4 x 2-1/4 Ektachrome 400 color
film was positioned in front of the CRT. The distance from the cathode
ray tube was such that the 200 foot width of the Boeing Field runway
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would subtend the same angular size in the Troposcope as it would in the
real world from the approach distance selected. This meant that the CGI
image was reproduced at about 20.63mm in width for the 200 foot width of
the BFI runway 13. The image size was measured with precision calipers
on the ground glass in the Crown Graphic.

Time exposures longer than 30 seconds were chosen to avoid partial
refresh or frame rate problems. The exposure was measured with a
Weston Master II area meter which gave exposure values for the day
scenes of 1/5 of a second at f/11. (effective aperture of f/16.) and for
the night scene 1/2 second at f/11. Positioning of the CGI scene was
done from prior calculations (see Appendix 1) by introducing them into
the computer-associated typewriter. The computer inputs were the x and
y values in feet representing true north, south and west positions, a
true heading of the runway (not the magnetic heading) and inserting the
altitude that had been calculated for the three degree slope.

For each of the runways a day and night scene were taken. In every case
the image was reproduced with almost no atmospheric attenuation. The
visibility was 315 miles and the RVR was 240,000 feet. This provided
for the pilot an extended visual projection of the horizontal plane in
the imagery. The end product was 24 transparencies representing two
copies each of 12 scenes; a night and day scene of three runways from
two groups of distances.

These films were processed commercially without any effort to push the
film and packaged in transparent sleeves so that measurements could be
made on the imagery. Each of the images were subjected to photogrammet-
ric measurements with a Mann Comparator that has the capability of
reading in microns, or thousands of a millimeter. Measurements were
made of the width at threshold, the far end and the length of the image
of the runway. Five measurement trials were made for each of these
values and the most homogeneous four were selected for computation of
the averages. The linear distances in millimeters and the values divi-
ded by the focal length of the Troposcope give the tangent of the sub-
tended angle.

.




Table 1 is a comparison between the desired and obtained angular widths
of the runways in the photographic reproductions of the computer-
generated images. The right hand columns give the percent error and the
residual error. The residual error occurs when you subtract out a slight

overall enlargement of the image due to too distant placement of the
camera. The reader may note that the residual errors are generally
below three percent with two exceptions. It probably is more meaningful
to compare the sizes of these errors with the size (in percent) of one
element of resolution in the CGI system. It is only in the case of one
picture that the percent error exceeds that due to one element on the
CGI system.

Reference also should be made to figure 8 which shows the pattern in
terms of trapezoids of the three runways in each of the two series, the
"3000" and "6000" foot series. This figure shows the relationship of
the width at the Tar end and the length when the threshold width is a
constant. One will notice that the largest pattern is from the smallest
runway; Yakima for the 3000 series. The intermediate size of the image
belongs to Moses Lake, (13,500 feet). The smallest image is for the {
1000 foot runway of Boeing Field. This relationship does not hold for
the "6000" foot distance. Here, the longest is Moses Lake (13,500 I
feet). |

The relative shapes of these different runways become more homogeneous
the greater the distance out the pilot is from the runway. This techni-
que of making the stimulus material representative of a common three
degree glide slope and a common threshold width gave us a representative
range of distances out from the threshold of 1499 feet to 7499 feet. In
terms of visual angle of the length of the runway, the range is from 2.2
to 4.5 degrees. The altitudes represented run from 131 feet to 446 feet.

For presentation, these slides were mounted in double glass slide mounts (9
with a circular aperture such that the center of rotation could be the

1000 foot mark, or the point that a three degree glide slope would |4
intercept the runway surface. |1




TABLE 1

Comparison Between the Desired and Obtained Angular Widths
of the Runways in the Photographic Reproduction
of the Computer Generated Images

enlargement of image by camera position.

***One element resolution of CGI system in percent for each group;

Theo- Empiri-
retical cal Mea- Percent Size* Residual**
Std. surement A Error Error Error
Group 3 Near Width
BFI 5.6932° 5.7380° 0.0448° 0.79 % 0.8 % 0.01 %kwew
MWH 5.6929 5.8620 0.1691 3.00 3.0 0.00
YKM 5.6928 5.8290 0.1368 2.40 2.41 0.01
4 Group 3 Far Width
¢l BFI 0.9548° 0.9825° 0.0024° 2.52 % 0.8 % 1.72 %
MWH 1.0414 1.0580 0.0166 1.59 3.0 -1.40
YKM 1.05990 1.1546 0.0948 8.94 2.41 6.53
Group 6 Near Width
BFI 2.2860° 2.2842° 0.0020° -0.09 % 0.8 % 0.89 %
MWH 2.2856 2.4150 0.1294 5.66 ,3'0 2.66
YAK 2.2856 2.4047 0.1191 5.21 2.41 2.80
Géoup 6 Far Width
BFI 0.7160° 0.7308° 0.0148° 2.07 % 0.8 % 1.27 %
MWH 0.8184 0.8106 0.0079 -0.96 3.0 -3.96
YKM 0.8295 0.8780 0.0485 5.85 2.41 2.35
§ *Size error = The percent enlargement of the image above the desired size
& due to the camera to CRT distance error.
' **Residual Error = Percent error of width - size error or a correction due to

Group 3 Near = 0.88, Group 3 Far = 4.9; Group 6 Near = 2.19; Group 6 Far = 6.34.
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LEGEND:  MWH; L = 13,500', W = 300'
8FI; L = 10,000', W = 200'
YKM; L= 6,607', W= 150"

Three runways illustrated as trapezoids, matched as to the runway width
at threshold (5.69° and 2.28° of angular width), as viewed from 3° glide :
slope originating at the 1000' marker. |

Figure 8 : Patterns of the Runways in the Pictorial Stimuli
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ALTERNATING RAMP CHROMOSTEREOPSIS (ARC) TEST STIMULI

A description of this test is included in the introduction and a picture
of the model is figure 1. In figure 1 the ten ramps are identified with
letters A through J. The number of responses per format (stereo pair)

is nine; one for each of the nine adjacent row pairs. The ten columns and
eight half values were available to make 18 possible responses per row.

The complete test has six different disk size and disparity formats.
There are therefore 54 separate responses required of the observer. The
disk size x disparity formats were photographed as masks on Kodalith
achromatic film and were translighted with Tow color temperature tung-
sten illuminance in this application.

The six disk size x disparity formats were designed such that two sub-
sets of three formats each are available and complete in themselves,
either of which could be utilized in testing where time is a limiting
factor. To keep testing time within a two hour period the subset with
formats B, D and F were used.

The three stereoscopic pairs representing formats, B, D and F were

printed on glass lantern slide plates. A special jig was made to regis-
ter the unexposed plates for contact printing. The specific requirement
of the reproduction of these masks is that no rotation was part of the
visual stimulus. A number of copies were made until matched stereo-
scopic pairs of slides were obtained. Verification was obtained by
photometric measurement with the Mann Comparator.

The stimulus subset used had a between disk relative separation of 23.7
arc seconds.




PROCEDURE
EVALUATION OF THE ALTERNATIVE CYCLOPHORIA STIMULI

It was anticipated that the eight alternative stimuli would probably
give us different mean estimates of the cyclophoria and different vari-
ances among the individual trials. The procedure was to use four of the
laboratory personnel as observers in preliminary tests of the advantages
and disadvantages of these stimuli. Three of these four individuals had
extensive experience with psychophysical investigations particularly in
the field of vision. The fourth person had not participated in such
experiments before.

The observer was seated before the Troposcope and the interpupillary
distance was matched to the individual and the convergence was set to
zero. The vertical centering of the exit pupil of the instrument to the
center of the pupil of the eye was accomplished by the chin rest adjust-
ment. The room illumination was lowered to approximately 1-1/2 foot-
Lamberts. There was a combination of indirect flourescent and tungsten
illumination.

After a few adjustments to become familiar with the stimuli, the ob-
server was asked to make 20 settings. He was asked to reset the stimuli
above or below the null and then to proceed to return the alignment to
the null, by using short bursts of rotation. The task was to align the
moving stimuli, the dots or the bar, to be exactly in the same frontal
parallel plane as the circle. Twenty trials could be generally
accomplished within 20 to 30 minutes.

The results indicated that the average estimate of cyclophoria as a
resting state by these different test patterns are shown in the follow-
ing figure 9. Note that the smallest estimate was by design #4, the bar
with the long segments. The largest estimate was with design #3, the
circle bar with the short segments. These two designs also showed the
greatest difference between the variations with and without the center
dot. The most consistent estimate between those with and without the
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Figure 9: Estimates of Cyclophoria Resting State by
Different Test Patterns
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| center dot was with the plain bar and circle design. However, the

B measure of reliability, the average variance, indicated the advisability
of using the plain Circle/Bar test. This test, without the center dot
had the lowest average variance, indicating that 68% of the trials would
fall within plus or minus 14.3 arc minutes.
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i i bk

make a judgment of the null when there was a bar and a segment. It
appeared that the interval of precise alignment was perceptually very ’
narrow. That is, with the narrow separation between the end of the bar
and the segment, the circle could be easily seen in front or behind the
plane of the bar, but seldom perfectly aligned. A1l observers noted p
that they had a good deal of variability with the two dot test, and this
| was reflected in the much higher measure of variance. So the plain

| Circle/Bar stimuli, without a center dot, was chosen for the remainder

1 of the experimental investigation.

ﬁ Comments from the observers indicated that they found it difficult to
i
|
|

s
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Quotidian and Diurnal Variability of the Cyclophoria Resting State

ot St e

To determine the amount of variability that might occur within one day
and among days, three of the laboratory personnel were given the cyclo-
phoria test in the morning and the afternoon for five consecutive days.
Figure 10 shows that two tenths of a degree would encompass all of the
variability that occurred among the days. For day two through day five, i
the variability for these observers would have been encompassed by four |
hundreths of a degree. In the diurnal variability, the morning and

afternoon estimates of cyclophoria were all within two tenths of a
degree.

An ANOVA (table 2) was completed to ascertain if the variables, time of
day (T) or different days (D) or the differences among the observers (S)
b | were significant. The mean differences among days or between times of
day could be attributed to chance. The differences among the observers
could be due to chance less than once in one thousand replications.
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Table 2: ANOVA of Quotidian and Diurnal Variables
and Cyclophoria as Measured by the Circle

Bar Test

Error Sum of Deg. Of

Source Term F Squares Freedom
MEAN S 10. 4399 .5546661E 08 1
S (SUBJECTS) (1412.3685) .1062587E 08 2
D (DAYS) SD 0.6877 169638.3 4
T (TIME OF DAY) ST 0.1275 19791.52 1
1 SD 493961.8 8
| ST 310336. 4 2
: DT SDT 0.6782 110028.9 4
i SDT 324512.9 8
| R (SDT) 2144180. 570

SR ————

The protocol among the observers indicated that they felt the 20 trials
seemed excessively long and their performance fell off on the last few
trials. Therefore an investigation of this comment was undertaken. This {
study showed that the variability on trials one thru five showed a
practice effect, and there appeared to be a fatigue effect as a greater
variation between trials 15 and 20 was also discovered. A regression |
representing the prediction of the 20 trial results from a shorter test L
based on the sixth and sixteenth trial is shown in figure 11. These '
data imply that one could use five trials as a warm-up then collect the |
data on the last ten trials, and have a good prediction of the perfor- '
mance based on 20 trials. Based on these data we modified our procedure
with the Air Force pilots. We used a 15 trial session, five as practice
and basing the estimate of the cyclophoria on the last ten trials.

SCREENING OF AIR FORCE PILOTS FOR CYCLOPHORIA !

Arrangements were made through Lt. Col. Perdue, of Standards and Evalua-
tion, 62 MAW/DOV, to test the pilots at McChord Air Force Base in Washing-
ton. A facility was set aside wherein we could move the equipment from
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Figure 11 . Prediction of Average Cyclorotation
Resting State Based on 20 Trials From
the Average of the 10th to 15th Trials
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Boeing to McChord and do the testing in a building separate from other
Air Force activities. Two pieces of equipment were taken to McChord for
the initial testing; an American Optical Sight Screener for testing
visual skills and the powered Troposcope for measurement of cyclophoria.

Each pilot was told about the purpose of the study and its general
contents and procedure. A bit of biographical information was obtained
from them; their name, rank, squadron, age, whether they wore glasses
for any occasion. The visual skills test was always given first. The
seven visual skill tests administered were duplicated at both far and
near viewing distances. The first test was one of fusion. The second,
third and fourth were of visual acuity, left eye, right eye and both
eyes. The fifth test was on stereopsis, the sixth on vertical phoria,
and the seventh on lateral phoria. After a short rest period the pilots
were given the instructions on the Circle/Bar cyclophoria test. Before
administering this test the interpupillary distance was taken and the
instrument interocular eye pieces were set to match this measurement.
The convergence of the instrument was always set for zero in the screen-
ing test. Five practice trials were given, and, subsequent to that, ten
trials which were used for the estimate of the cyclophoria. The digital
readout units were summed, regarding sign, indicating the total amount of
rotation of the right and the left eye. The sum of these cyclorotations
was recorded and the constant representing the constant error of the
stimuli subtracted. The corrected sum was converted into arc minutes
and also into degrees. The standard deviation reflecting the variation
among the trials was calculated and recorded in arc minutes and also as
degrees.

Thirty pilots were screened during the course of a one week period. Two
out of the thirty were non-flying pilots, the remainder were on active
operational status. The results of the screening test were evaluated

and 12 representative people from among the 30 were selected for the more
extensive testing of the main experiment. The choice of individuals
formed a rectangular distribution with stratification among the cyclo-
phoric values that were obtained. If there were more than one choice
within an interval, the second criteria was the variance of the Circle/

36

R T ey Y e I

o o e i e 4

RS




The hypothesis that a pilot's resting state of cyclophoria would influ-
ence his perception of the frontal horizontal plane is supported by both
sets of data. With encyclorotation of the images, the frequency of
"higher" judgments is increased and excyclorotation decreases the fre-
quency of "higher" judgments. In the BCAC data, the above proportions
are based on difference scores, transformed as arc sines, and treated in
an ANOVA. The variable of rotation although systematic is not statisti-
cally significant due to the large individual differences among the 12
pilots. Treating each visual segment separately, with a X2 test, deter-
mined that only the 1146' visual segment produced significantly different
frequency of judgments of "higher."

The data referred to as the BCAC study was a subsequent data collection
to this contract's data collection.

The Boeing Commercial Airplane Company (BCAC), asked of the authors if
increasing "over-the-nose" visibility could be related to approach and
landing safety. With the approval of the Life Sciences Division of
AFOSR, and a very cooperative assistance of MATS at McChord AFB, a quick
response was made to BCAC. Other details of this preliminary study are
provided in appendix 2.

The inference made from the combined data is that the effects of cyclo-
rotation have greater influence on the estimates of the aircraft's
altitude, as judged from the perception of the runway plane, as the
length of the visual segment is decreased.

If these preliminary data are supported by subsequent research, the
implication is (1) that as weather decreases the length of the visual
segment available to the pilot the greater the probability of his overesti-
mating his altitude above the plane of the earth; (2) that this proba-
bility will be higher if his personal cyclophoria is excyclophoric; (3)
that the probability is lower if his resting state is encyclophoric.

Neither of the main effects of time-of-day nor distance (aircraft to
runway touchdown mark) proved to be significant'(see table 9). The
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authors had hypothesized that the night scene, with the details provided
primarily by point-sources of lights, would provide less information to
the pilot as to the aircraft's height. Then too, this scene with less
information would be more susceptible to the influences of cyclorotation.
This hypothesis may be correct but the current data does not provide
differences of such magnitude that the hypothesis is supported. The
trend is in the direction of this hypothesis as cyclorotating the day
scene images imposes a greater proportion of "higher" responses with H
encyclorotation and a decreased proportion of "higher" responses with :
excyclorotation. This is shown in figure 24 by the greater number of J
correct responses associated with the day scene when contrasted with the
| night scene.

e e
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&i The two median distances, 3000 and 6000 feet (figure 24) for the two ;k
nominal sets of photographs show very little susceptability to the ef- H
fects of cyclorotation. The greater distances, or the smaller sized image
of the runway is more susceptible to the effects of cyclorotation. Re-
arranging the variable of distance, into the six discrete magnitudes,
indicates no systematic effect. The magnitude of the small effects are,
when ordered from least to largest magnitude, related to runway con-
figurations, MWH, BFI and YKM. Therefore if there is any trend it may

be specific to runway configuration when the runway widths are matched,
and reproduced as widths of 5.7 and 2.28 deqrees of visual angle.

Effect of the Pilot's Cyclophoria on Responses to the Runway Test

The individual differences among pilots as to the direction and magni- {
tude of cyclophoria has been discussed earlier. The correlation of this '
resting state with the perception of the depicted aircraft height was in
the direction of the theoretical development (see figure 25).

Those pilots with "positive" resting states (excyclophoric) were expected

to perceive the runway plane as being tipped so that distant features i
would be perceived as higher than they were depicted in the photographic

scene. The pilots with "negative" or encyclophoric resting states would

see distant objects as lower than the photographic depiction. Table 10 is
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Figqure 24: The Main Effects of Time-of-Day and Distance on the
Percent "“Correct" Responses on the Runway Glide-Slope
Perception Test (neither main effect was siqntficant).

Table 9: ANOVA for Results on Runway Perception Test Scored
on Basis of Number "Correct" i

Error Sum of 4
Source Term E Squares df !
MEAN S 237.6890 520562.2 1 '
SUBJECTS 20922.22 1
RUNWAYS SR 0.6723 796.6248 2
TIME-OF-DAY ST 1.9949 1418.778 1
DISTANCE SD 1.1043 625.0000 1
SR 13033.72 22
ST 7823.320 n
: RT SRT 0.2017 231.2639 2
SD 6225.813 1 |
b RD SRD 1.6578 2545.867 2 4
) STD 0.0001 .2783203E-01 1 H
7 SRT 12615.32 22
SRD 16893.07 22
STD 5075.105 1 8
RTD SRTD 0.2902 545,8367 2 H
SRTD 20692.55 22 {]
H




a portion of the table of intercorrelations, shows this direction. This
theoretical direction would predict the negative correlations between

the C/B test and the percent of higher responses on the runway per-
ception test, ex-rotation (variables 1-15 with 10). The theory would also
predict the positive correlations between the C/B test and the percent

of "correct" responses. Correctness in this instance was "higher"
response for encyclorotation and "lower" response for excyclorotation.

The prediction of the runway perception test with zero rotation (variable
9) from the C/B test should be near zero and these data are supportive of
this relationship. There is a residual factor, however, that is pre-
dicted to nearly a probability of 0.10 by the ARC test when the latter is
also administered with zero cyclorotation (variable 6 vs. 9). Excyclo-
rotation of the ARC test best predicts the encyclorotation effects on

the runway test (variables 7 vs. 8) of all the variables shown in table
10.

The above discussions of correlational relationships should be considered
as trends as r values of .497 and .576 are representative of p = 0.10
and p = 0.05.

A step-wise multiple correlational analysis was run with 18 variables
including those discussed above. Those that best predicted variable 11,
the percent correct responses on the runway perception test,were those
shown in the Tower section of table 10. They were Circle/Bar, 10 degree
convergence; C/B, zero degree convergence; C/B, screening; and ARC test
with two degree excyclorotation. Again, these multiple r's must be con-
sidered as trends since the associated F test of these variables indi-
cated that the maximum correlation of .53 is not significant.

The BAC investigation (Appendix II), with data collection coming a month
later than the above data, also used a sample of 12 USAF pilots. Seven
of the 12 pilots had also served in the main experiment of the AFOSR
study. The two investigations show correlations of similar magnitude

between cyclophoria and judgment of aircraft height from the perception
of the runway plane.
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Table 10: Correlations Among Circle/Bar, ARC and Perception
of the Runway Plane Test Results

STEP-WISE MULTIPLE CORRELATION WITH PERCENT
CORRECT RESPONSES ON RUNWAY PLANE TEST

Variable Description Mult r
4 Circle/Bar; 10° Convergence .43
2 Circle/Bar; 0° Convergence .47
1 Circle Bar; Screening Test .50
7 ARC, 2° Excyclorotation .53
67

SN IR T

=
-
(-
=
o
= o
S >
= -
(=) ()
> ><
o w
o (-]
=} ~
) =)
= &
< <
(6) (7)
=21 -.33
-.47 -1
-.18 -.17
-.03 -.1

e 3 e e o

S T




The smaller BCAC study showed a -.47 correlation between negative (en- :
cyclophoric) cyclophoria and greater frequency of "higher" judgments in i
the perception of the runway plane photographs. The magnitude of this
correlation is not significantly different from zero and the "t" for

determining the significance of this r on the null hypothesis is 1.73.

- e e

e

Although the BCAC study is not a replication of the AFQSR work the similar
correlation adds support to the observed trend that a relationship exists.
The possibility does exist that the procedure of using a standard paired
with variables both of which are influenced by the individual's cyclo-
phoria, may have "put a 1id" on the magnitudes of the correlations. This
possibility remains as only a possibility until tested by using a different
experimental procedure. : //

oL YA 4 g e e
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The better C/B to Runway Plane prediction by the Circle/Bar Cyclophoria /
Test with ten degrees of convergence than with the five degrees of con- /
vergence, and with both being better than with the zero convergence, would /
point to within-subject variability as one limiting factor. . //
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SUMMARY

This investigation had two primary objectives: (1) to determine the
direction and magnitude of cyclophoria resting states in a sample of
observers taken from a select population (AF pilots); and (2) to determine
whether the magnitude of cyclophoria found had the potential of affec-
ting the pilot's percepticn of the runway plane on final approach.

Bt

Cyclorotation of images in a stereoscope is achieved by rotating one
image clockwise and the other counterclockwise about their centers. ﬂ
; When the image is of a circle containing a vertical bar segment (the .J
i Circle/Bar test) is encyclorotated (left-eye image clockwise and right-

4 eye image counterclockwise), the circle remains essentially vertical
F while the fused image of the bar inclines around a horizontal axis in
the fronto-parallel plane with the top of the bar tilted toward the
b observer and the bottom away. Excyclorotation of the images reverses
the direction of the perceived tilt.

BERSSULBE 2y s U

It was hypothesized that individuals may have varying amounts of cyclo-
phoria, due to orbital muscle imbalance or perhaps a central process,
which would result in their perceiving objectively vertical Circle/Bar
images as significantly tilted away from a match with the referent 1
circle. It was further hypothesized that these "errors" in the percep-

tion of a vertical bar due to cyclophoria might generalize to errors in

the perception of the plane of a runway as viewed on final approach.

The Circle/Bar test was used to screen a random sample of 30 AF pilots
(C-131 and C-141 rated) as to cyclophoria resting state. The range of
ﬂi cyclophoria found varied from 1.34 degrees encyclophoric to 1.74 degrees
excyclophoric, with a mean of .46 degrees excyclophoric. A stratified
sample of 12 pilots was selected from this group for additional testing.

10 degrees of instrument convergence. The increases in convergence
significantly increased the measured cyclophoria from .01 degrees encyclo-

k* The Circle/Bar test was administered to these 12 pilots under 0, 5 and
i

g i 4
{ phoric to .65 and .82 degrees excyclophoric. 14
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A second, previously developed, test (the ARC test) was used to measure
cyclophoria under conditions of a more complex and structured image than
the Circle/Bar test. Information from the literature indicated that a
more structured image, especially with horizontally arranged elements,
would act as a stimulus to cyclotorsional movements of the eyes, and
thus would result in an attenuation of residual cyclophoria. The ARC

4]
? test was given with zero and + two degrees of image cyclorotation, which
3 corresponded to + 114 arc seconds of induced disparity into the ARC
|
L test.

Image cyclorotation produced significant effects in responses on the ARC
test, with observed shifts, in the expected direction from the non-
rotated condition,of 13.5 and 13.6 arc seconds for two degrees excyclo-
rotation and encyclorotation respectively. The magnitude of this shift
is only about 12 percent of the induced disparity, a reflection of the
stabilizing effect of the complex stimulus pattern.

An unexpected result in the ARC test responses was an overall shift of
11.5 arc seconds (encyclophoric) in the ARC test responses as compared
with the physical null. Review of data from a previous study showed a
similar shift, as yet not fully understood.

Also unexpected, and not yet understood, was the low and negative corre-
lation (-.34 N.S.) between the individual cyclophorias as measured by
the Circle/Bar test and those derived from the ARC test. It is sus-
pected that this is a reflection of a complex interplay of cyclophoria
and central processing of the disparate images.

The technique of + two degrees image cyclorotation was also utilized in
the test of the pilot's perception of the runway plane. In this test,
photographic images of CGI runways, taken on a three degree glide slope,
were presented in pairs, the first as a standard, non-cyclorotated (on
glide slope) image and the second as a comparison with zero, or + two
degrees of cyclorotation. The observer was asked to indicate whether

b . the comparison image was above or below glide slope as compared with the
standard.
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As with the ARC test, image cyclorotation produced significant effects

in the predicted direction in responses to the runway test. Encyclo-
rotation of the runway image resulted in 61 percent of the responses
being "high" or "above glide slope," while two degrees of excyclorotation
yielded only 41 percent "high" responses. Other conditions, such as day
! vs. night runway scenes, three different runways, and different dis-

g tances to the runway, had non-significant effects although there were

& some trends in the data.

| These results substantiate the potential of marked cyclophoria to affect M
' a pilot's perception of the runway plane. The pilots' individual cyclo-
phorias and their perception of the runway plane appear to be corre-
lated, but not in a magnitude sufficient to be statistically signi-

i ficant.

To further establish this relationship, a method of measurement of the
perception of the runway plane with greater degrees of freedom is recom-
mended. This should be followed by a direct test of the effects in real
time with the relative motion of a visual scene in a dynamic simulator.
Then if further verification appears warranted, a flight test program
should be considered.
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RECOMMENDATIONS

Making the assumption that cyclophoria is important in flying and flight
safety, the recommendations for further research are developed around
operational problems.

AS A POSSIBLE CONTRIBUTOR TO THE "DUCK-UNDER" PHENOMENON

Instructor pilots watch for the common tendency among pilots in initial,
recurrent and transition training to depart from the established glide
slope i.e., "duck under" it, on transitioning from instruments to the
external visual reference. The pilot initially lowers the nose of the
aircraft as though the pilot believes he is too high. A correction is
almost immediately made, as though some perceptual change, or additional
cues, inform him that the change in pitch and sink rate are unwarranted.

Excyclophoria exists for the majority of pilots and convergence adds
through cyclotorsion some further excyclorotation. Fifteen degrees of
head tilt plus ten degrees of depression of the line of sight is re-
quired to see the ADI in most transport aircraft. The ocular depression
of ten degrees adds to the excyclorotation. When the pilot flying
receives an auditory alert that the "runway is in sight" from his co-
pilot, he raises his head, changes his focus from near to far, and,
releases his convergence from five degrees to near parallel. In addi-
tion he must counterrotate both eyes so that the excyclorotation decrea-
ses to avoid diplopia.

The question is: Does the pilot, in the initial seconds of the transi-
tion from inside instrumentation to outside scene, see the runway plane
tipped so that distant portions are raised and the near portions depres-
sed? Such a perception could exist while the eyes are returning from
the cyclotorsionally induced rotation to a balance between the true
vertical and the individual's resting state. The perception of a tilted
plane should dissipate rapidly with time and a conventional estimate of
the runway plane should exist for the pilot in a few seconds.
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Recommendation

That a research program be undertaken to test whether pilots maintain-
ing a compensatory tracking task on an ADI, 28 inches from the eyes and
35 degrees below the forward line of sight, for one minute, on looking
up and to a distance see a tachistoscopically presented runway as tilted
when: (a) the presentation of the runway is delayed 0.5, 1.0, 3.0 or 9
seconds after the pilot looks up from his instruments to a distant
visual target, (b) the presentations include a variety of runways,
altitudes, and distances from runway threshold, (c) magnitude estimation
is used as the method of scaling, (d) the standard is a translighted
picture of a 10K x 200 foot (FAA standard) runway seen from a three
degree glide slope, the picture situated next to the ADI, at 28" from
the eyes, (e) transition from the ADI task to the standard is signaled
by a target message "look at standard" 1.5 seconds before a second
message advises "runway in sight," (f) pre and post tachistoscopic
exposure should be an illuminated screen of equal luminous intensity
(with that of the scene) with a small fixation point located where the
1,000 foot touchdown mark will appear, (g) a minimum of 16, preferably
32, piiots with different magnitudes of positive and negative cyclo-
phorias participate in the experiment.

The Expected Results

The data should show: whether the immediate, intermediate and Tater
percepts of the runway plane are the same or different; whether cyclo-
phoria modulates only the immediate or all perceptions; whether pilots
with cyclophorias differing in direction and magnitude respond differen-
tly due to such resting states ; and whether with magnitude estimation
jcaling as a method, a higher correlation exists between cyclorotation
snd the perception of the runway plane.

PMORIA AND GLIDE SLOPE ANGLE

(e 0% ama-anding aircraft have the capability of using both
- j¢ slope angles. The judgment of the horizontal-
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ness of a runway plane should be made more susceptible to the

effects of cyclophoria the steeper the glide slope angle. There are two
vectors at work in modulating the perception of the frontal plane. When
viewed from a low altitude (1) the first vector of encyclorotation will
both depress the near portion of the plane and elevate the far portion,
(2) the second vector will make near objects seem further away and
foreshorten the apparent distance to far objects, thereby foreshortening
the whole scene in the manner of a long focal-length lens. The relative
“"power" of the vector will shift from the foreshortening influence to
the rotation of the horizontal plane as the glide slope angle increases. 1
That is, apparent rotation with a glide slope anale of nine degrees should be
relatively greater than with six degrees, which in turn should be greater

than with three degrees in the amount of rotation compared with the fore-
shortening.

Recommendation

To implement a research program to study the relationship between fore-
shortening and inclination of the ground plane as modified by cyclorota-
tion, for different runway visual ranges (RVRs). A possible method of i
implementation is to take a series of pictures of three or more CGI £
runways from altitudes and distances representing 2.5, 3.0, 3.5, 4.0,
5.0, 6.0, 7.0, 8.0 and 9.0 degree glide slopes. To make two sets of
slides from them, one set being 2 x 2, the second 3-1/4 x 4. The first I3
set will be installed in a projector with a zoom projection lens. The
projected scene will be at a distance (10 meters) from the pilots and
viewed through the cutout (plane projection) of a windshield. The pilot
will be seated in front of a Troposcope or similar binocular translumina-
ted stereoscope. The 3-1/4 x 4 slide to be mounted and viewed in the
Troposcope at optical infinity, with £ 4, £ 2 and zero degrees of cycloro-
tation and zero convergence. The task for the pilot will be to select

on the screen 10M away the proper glide slope and zoom magnification

that matches the cyclorotated image in the Troposcope.

Expected Results

That these data will indicate whether the two vectors have a differential
effect for different cyclorotations. Whether these effects are modified
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) by the pilot's individual cyclophoria, and whether different runway
visual ranges that impose shortening the length of the visual segment {
increase the effect of the rotational vector. F

4 PERCEPTION OF THE RUNWAY PLANE AND TRAINING OF VOLUNTARY CYCLOTORSIONAL
MOVEMENTS

Richard Balliet and Ken Nakayama (1978), by means of a visual feedback
system trained humans to make large conjugate cyclorotary eye movements 1
at will. The range of movement increased with training at a rate of
approximately 0.8 degrees per hour of practice reaching 30 degrees at
‘ the end of the training. These authaors were interested as to whether ,
i training could be used to alleviate the symptoms of strabismus. *

I
_! Hypothesizing that future research establishes the relationship between }
s: cyclophoria and perception of the runway plane to be critical, reliable t
and valid, then the modifications through training that can be made i
become important. We do not know whether the Balliet and Nakayama E
trained subjects changed in cyclophoric resting state, and if it changed, ’
was it a stable change as a function of time with or without reinforce-

ment. It would be most interesting if such training could be effective

in giving skilled pilots a neutral cyclophoria, if that proved best for &
accurate runway plane perception. If such training were effective, how
much reinforcement, at what intervals, etc. would be the ancillary
problems.

Recommendation 1

Such visual training research would be recommended for the future, with

a great caution. It should not be done with operational pilots, but

with non-flying personnel, first tested with psychophysical performance

| tests, later trained to fly simulators for first validation investiga- ‘
: tions. It would be recommended that such training be done in a step-wise

fashion, with careful observation of refractive states and measurement

of visual skills to avoid causing unexpected plasticity among interde-
pendent skills. !
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APPENDIX I

Computational Information and Settings of
General Electric Compuscene to Provide Computer Generated
Image for Pictorial Stimuli

A1l depicted sizes of runways were based on the threshold width of a 200’
wide runway as seen from a 3° glide slope whose origin was 1000' down the
runway (1000' mark) from two distances, 3000 and 6000 feet.

Boeing Field International (BFI)
Runway 13, Visibility 315 miles and RVR 240,000 feet

S
Computer Settings (3000') Scene E W
x = =1495'
y = +2604' N
Alt = 157"
Heading = 150.15°
Y = + 2604'
B
For 6000' Distance Scene X = -1495'
x = =3343"' Runway Length 10,000'
y = +5737" Runway Width 200"
Alt = 314 G. S. Intercept 1,640'
Heading = 150.15° Heading 130°
3000 6000
Runway Width (Near) 5.6932° 2.2860°

Runway Width (Far) 0.95476° 0.7634°
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APPENDIX I

Moses Lake (MWH) Runway
321°, Visibility 315 miles and RVR 240,000 feet

Computer Settings 3000' Scene

x = -4612'

y = +1478'

Alt = 210"
Heading = 342.47°

For 6000' Distance Scene

-8906'
+2813"
9339.6

446"

N X

Runway Width (Near)
Runway Width (Far)

Runway Width
G. S. Intercep
Heading

l

3000 |
5.6929°

1.0434°

Runwayﬂﬁength

/
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N
W
s
s»’«@\
.
%.
53
Y=+ 1478"
13,500
300"
t 1,840"
231°
6000
2.2856°
0.81845°
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y

X

Alt
Heading

+2707

- 985
131

290.15°

APPENDIX I

Yakima (YKM)

Computer Settings (3000') Scene

Computer Settings (6000') Scene

i ¥ =
! X =
l z =
i Alt =
¥ Heading =
;

E

fﬂ : Runway Width
= Runway Width

+4818
-1768
5132
249'
290.15°

(N)
(F)

Runway 270, Visibility 315 miles and RVR 240,000 feet

L ==
N i e T
Y = + 2707' -985"
W &
S
Runway Length 6,607"'
Runway Width 150"
G. S. Intercept 1,382'
Heading 269°
3000 6000
5.6928° 2.2856°
1.05990 0.8295°
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APPENDIX II

CYCLOPHORIA AND THE VISUAL SEGMENT
The Boeing Commercial Airplane Company Study
(Requested by R. W. Taylor and P. M. Morton)

PURPOSE

To ascertain if there is a relationship between the natural resting
state of cyclophoria among pilots and the perception of the horizontal-
ness of the forward visual segment. If such a relationship exists, the
quick visual change from tracking the aircraft's course on the ADI to
acquiring the runway may impose a transient overestimation of the
aircraft's height at the time of transition. The magnitude of the over-
estimation may vary with the length of the visual segment, the over-
estimation becoming greater the shorter the visual segment.

METHOD

Twelve USAF C-130 or C-141 pilots were tested for their cyclorotational
resting state with the recently developed "Circle/Bar" test, a portion
of an ongoing USAF OSR contract. In addition to this test, the pilots
were asked to judge the relative height of an aircraft on final approach
as depicted in color photographs of the Compuscene's representation of
day approaches to runway 321 at Moses Lake. In making these aircraft
height decisions, they were comparing the same pictures wherein the
standard was perfectly registered and vertical. In the comparisons
presented four seconds later, the pairs of photographs were either

rotated tops inward one degree each, were vertical, or were rotated tops
outward one degree each.

The paired comparison technique always presented as the standard a pair
of these photographs which were identical as to scene. They were pre-
sented to both eyes in a binocular display. There was no rotation of
the images for the standard, and these were illuminated for the pilot
for three seconds. A four second dark phase followed; then the second
(comparison) member of the pair was presented for three seconds. This
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second member was presented 1/3 of the time without any rotation; one
third of the time was rotated with the top of each image toward the
center, encyclorotation (I). One third of the presentations were with
the tops of the scenes rotated away from the centerline, excyclorotation
(E). In all cases the pilots were instructed to judge the second three-
second exposure of the picture as to whether the viewpoint was "higher"
or "lower" than the first exposure.

There were six approach scenes presented to the pilots for their judg-
ment of the perceived height of the aircraft. The photographic repre-
sentations were Ektachrome '200' transparencies, mounted between glass
and masked by Kodalith circular apertures of 15 degrees in diameter.
The distances, RVR, etc. are provided in Table II-1.

TABLE II-1

Physical and Visual Parameters of the Visual Approach

Used as Stimuli (Moses Lake, Washington, Runway 321,

Day Scenes, Computer Generated, Full Color Images of
Maximum Resolution of 2.47 arc min)

Near Visual

Slide Distance To Distance To (From Aircraft) Visual
No. Threshold Touchdwn.Mk. Limit RVR Segment
1 808.5 ft. 1808.5 ft. 354 ft. 1500 ft. 1146 ft.
2 808.5 1808.5 354 2000 1646
3 808.5 1808.5 354 3000 2646
4 3002.0 4002.0 784 240,000 239,216
5 7499.0 8500.0 1664 240,000 238,336
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RESULTS

Cyclorotation of the Eyes

The twelve USAF pilots differed as to their resting state of cyclophoria
as representing the rotation of the eyes around the viewing axis, and
reported as an angular difference between the right and left eye when
the stimulus for focus is at infinity.

The range found among the 12 pilots was from .84 degrees (right eve
rotating counterclockwise and the left eye rotating clockwise when the
reference position is within the pilot's head) to +4.19 degrees. The
average was +0.88 degrees and the standard deviation 1.37 degrees.

The Pilots

The twelve pilots that participated in this BCAC investigation were all
among the 30 pilots initially surveyed in the AFOSR investigation.
Seven of the twelve were participants in the main AFOSR experimental
study. '

Test/Retest Reliability

The participation of these twelve pilots gave us an opportunity to have
a second look at the reliability of the Circle/Bar test among pilots.
This "second look" was with one month of MAT activity intervening
between the first and second sampling. The coefficient of correlation
was + 0.74 for this test/retest of the Circle/Bar administration.

Perception of the Runway Plane

The comparisons of the "standard" versus "zero" cyclorotation was in
effect a comparison of identical images. These paired comparisons
should result in nearly equal "higher" judgments and "lower" judgments.
The percentages are shown in figure II-1.




